Introduction
The study of animal leptospirosis was neglected in Portugal for several years after the inquiries made by Azevedo in 1966 (1) and Azevedo and Palmeiro in 1972 (6) The LNIV is the only existing veterinary laboratory in Portugal that performs diagnosis of animal leptospirosis, besides a unit established in the Azores Regional Veterinary laboratory for the analysis of local animals, which has been in operation since 1993. The leptospirosis section is located in Lisbon and serves the entire country. The laboratory receives material for serological and bacteriological diagnosis of leptospirosis from several regions, which provides further information.
This review presents both the more recent data and the data obtained through the studies by Azevedo and Palmeiro on leptospirosis in Portugal.
Materials and methods
Between January 1987 and December 1993, a total of 19, 750 sera from various regions of Portugal ( Fig. 1) were tested at the LNIV, Lisbon, for leptospiral antibodies. This number does not include the sera examined in previously published surveys undertaken in 1986 and 1987 (8, 25, 28) . Of the samples tested, 59.3% were diagnostic submissions (DS) while 40.7% were obtained in abattoir surveys (AS). The sera incorporated a range of farm animals, as follows: 9,543 cattle (all DS), 3, 195 During the same period, a total of 400 bacteriological diagnostic submissions (mainly aborted foetuses) were analysed. The samples were obtained from a range of farm animals, comprising 112 cattle, 249 pigs, 30 sheep, 6 goats and 3 horses. The material submitted for bacteriological diagnosis of leptospirosis, which came from several regions, was processed as described earlier (26) . The typing of the obtained isolates to serovar level was performed using monoclonal antibodies (30) .
The interpretation of the serological results took into account the fact that vaccination of farm animals in Portugal against leptospirosis was not practised until the end of this study. Thus, in accordance with Faine, MAT titres of 1:100 or greater were considered as diagnostic and indicative of the occurrence of a current or previous leptospiral infection (32) .
Fig. 1 Regions of Portugal from which sera were examined
For the purpose of the serological surveys it was not relevant to determine whether the seropositive animals were also carriers, but rather, according to Ellis, to use the MAT to determine those serogroups which may infect the above-mentioned animal species in the analysed geographical areas (9).
Results and discussion
Previous surveys on the occurrence of leptospirosis in farm animals in Portugal, conducted by Azevedo in 1966 (1) and Azevedo and Palmeiro in 1972 (6) , reported a low prevalence of infection and a reduced pathogenicity of the infecting serovars. Table I shows their results on the percentages of positive sera, belonging to farm animals in several regions, which were randomly collected in abattoir surveys. This has been observed in an experimental infection of three pregnant gilts with serovar mozdok (29) , performed at the LNIV, which resulted in the abortion of a total of 22 piglets.
Isolates were obtained from only 12 of the piglets, which corresponded to those that were bom alive and those expelled dead but with no signs of autolysis. Temperature also affects the viability of leptospires; they survive well at 40°C but are rapidly killed in tissues held at 20°C, and at 30°C-40°C, a range of temperature at which dead foetuses are held before being expefled by their dams (11) .
The results of the present survey will be discussed for each animal species and then compared with those of previous surveys in an attempt to review the available information on the occurrence of leptospirosis in the given species in Portugal.
Leptospirosis in cattle
Of the 9,543 DS bovine sera tested, 15.3% gave positive results for leptospirosis and Leptospira infection was serologically detected in all the examined regions (Table II) . Regions A, C, F and H ( Fig. 1) presented the highest percentages of positive reacting sera, while region G showed a particularly low percentage.
The predominant serogroups found (Table III) were Sejroe, Pomona, Tarassovi and Icterohaemorrhagiae. Multiple litres were often observed, especially between hardjo and related serovars (sejroe, saxkoebing, mini and hebdomadis), which are probably due to hardjo infections (27) .
Terceira Island (H) in the Azores exhibited the highest prevalence of positive sera (27.9%), which agrees with the recognised importance of leptospirosis in that region (25; T. Rocha, unpublished data). However, Pomona and Tarassovi antibodies were not detected on the island, which contrasts with the significant prevalences found for these serogroups on the continent.
The results agree with those of the 1986-1987 survey of apparently healthy cattle (8, 25, 28) , in which the percentage of positive titres in 4,071 examined sera was 5.8% (Table II) and was particularly high in regions A (19.8%), C (12.6%) and H (18.8%), as observed in DS sera. In both studies, the Sejroe group is the predominant serogroup (Tables III and  IV) . The main differences are the higher overall seroprevalence in region F (Table II) and the higher representation of Pomona (16.1%) and Tarassovi (5.1%) serogroups in DS sera, analysed between 1987 and 1993, while in the AS sera examined in the 1986-1987 survey, the highest prevalences other than the Sejroe group (Table IV) were observed in the Australis (6.3%), Canicola (5.8%) and Pomona (5.3%) serogroups.
Serovar hardjo titres have proved to be the most frequently found in cattle. This serovar was isolated for the first time in
Portugal from bovine kidneys in an abattoir survey conducted in 1987 (7).
These findings are particularly significant considering the recognised importance of hardjo infection in cattle, which may cause serious outbreaks of mastitis and is a major cause of abortion and premature calving (21) . Hardjo infections in In the present study, a high prevalence of positive titres in DS sera was also shown for serogroup Pomona (Table III) . This serogroup has also demonstrated some importance in cattle leptospirosis in Portugal. The high seroprevalence (25.7%) observed in DS sera from region F (Table II) The results of the present study suggest that leptospirosis has increased in cattle in Portugal since the 1972 survey, in which the seroprevalence upon the examination of 1,133 cattle sera was as low as 0.6% (Table I ) (6) . Positive titres in the 1972 survey were distributed as follows: two sejroe, one pomona and four tarassovi.
There is also evidence that Leptospira infection, particularly that of serogroup Pomona, has some clinical importance, while the earlier studies could report no information about any clinical manifestations in cattle in Portugal that might be due to leptospirosis (1, 6) .
After the Sejroe serogroup, the Australis group presented the highest seroprevalence (6.3%) in the 1986-1987 abattoir survey cattle sera (Table IV) . This observation is important, 
Leptospirosis in pigs
Prior to the present survey, the last serological survey on the occurrence of leptospirosis in pigs in Portugal was conducted by Azevedo in 1966 (1). Azevedo reported a prevalence of 5.9% of positive sera, mainly involving serovar pomona (4.7%), in 610 animals tested (Table I) . As mentioned above, this survey tested for six serovars only, which did not include the Australis group.
The present study examined a total of 3,195 pigs DS and AS sera, of which 20.2% showed positive results. Both DS and AS sera exhibited a significant percentage of positive titres (20.6% and 19.8%, respectively). The highest percentages were found in regions A, C, F and G.
The percentages of positive sera and the distribution of serological reactors to various leptospiral serovars in DS and AS samples are presented in Tables V, VI 
The clinical importance of Australis infection in pigs in
Portugal has not been estimated.
The previous bacteriological survey of leptospirosis in pigs in
Portugal was performed by Azevedo and colleagues in 1955
(1), using 154 pigs, from several regions, that were collected in an abattoir in Lisbon. Of these animals, 17 (11%) were carriers of leptospires, and of the 15 strains that were typed, 9
(60%) were identified as serovar pomona, while six (40%)
were tarassovi. 29.8% of the carriers had positive titres to pomona and 26.6% to tarassovi. After the isolation of serovar mozdok from aborted pig foetuses for the first time in Portugal in 1989 (26) , an experimental challenge study was conducted in pregnant gilts with this strain (29) . The serological response was monitored at 3-to 4-day intervals. The infection produced abortion in all gilts and an interesting serological response with cross-reactions to bratislava, valbuzzi, icterohaemorrhagiae and cynopteri antigens (Fig. 2) . 
Serological response of three gilts to experimental infection with
Leptospira interrogans serovar mozdok (29) This pattern of cross-reactivity is frequently observed in DS sera from aborting sows. Serovar mozdok has been isolated from foetuses aborted by sows in two Pomona outbreaks that occurred in different regions (26) . It is possible that mozdok, rather than host-adapted pomona, is causing Pomona infection in pigs in Portugal. This agrees with the above-mentioned suggestion by Azevedo and Faro (3) and would explain the usual appearance of outbreaks in geographically separated herds that have some contact with small wild mammals. Infection with serovar mozdok should be studied further. Although this serovar is adapted to wildlife (20) , its recovery from the kidneys of the three inoculated gilts suggests that there is the potential for pig-to-pig transmission (29) .
The serovars of the Pomona group are antigenically closely related and can be classified only with difficulty by conventional (cross-agglutination absorption test) typing methods (30) . The situation in Europe with regard to Pomona group infections is confused because of the difficulty in identifying strains, many of which have been identified as pomona (20) . For a long time the infection of domestic stock by other serovars of the Pomona serogroup was considered to be rare (17) , and mozdok was not considered to be a pathogen of domestic animals (22) . However, more recent findings indicate that serovar mozdok can have clinical importance in pigs and cattle. The serovar has been recovered from cattle affected by a clinical syndrome suggestive of leptospirosis (17, 18) , was isolated from the kidneys of a sow which had aborted (24) and has been recovered from aborted pig foetuses (19, 26) . When infected with strains of serovar mozdok isolated from a rodent from the UK (16, 18) and from an aborted pig foetus from Portugal (26, 29) , pregnant gilts aborted infected foetuses.
In northern Europe, endemic pomona infection in pigs does not occur (20) . The situation appears to be one of occasional accidental infection of pigs and cattle with a serovar maintained by another species. The same happens in Great Britain, where mozdok is probably the infecting serovar (20) .
Pomona group infections in pigs in Portugal would thus present similarities with infections observed in other
European countries.
The occurrence of Leptospira infection in pigs with serogroups other than Australis and Pomona in Portugal seems to be sporadic and, besides one detected case of abortion demonstrated to be due to infection by serovar canicola, which was recovered from the aborted foetuses, there is no evidence that such infections have relevant clinical importance.
Leptospirosis in sheep
The serological survey of leptospirosis in sheep performed in 1966 by Azevedo (1) involved the six Leptospira serovars then considered to exist in Portugal. Results revealed a low prevalence (2.7%) of leptospiral infection, with positive titres observed for serovars tarassovi (1.5%), ballum (0.8%) and icterohaemorrhagiae (0.5%). The survey undertaken in 1972, which tested only 134 sheep using an enlarged battery of antigens (including sejroe), revealed no positive titres (Table I) 
Leptospirosis in goats
There is little information available about leptospiral infection in goats. The serological survey conducted in 1966 (1), which involved 182 animals, revealed a prevalence of 5.4% sera which gave positive reactions, with titres to ballum (2.7%), tarassovi (2.2%) and canicola (0.5%) serovars, while in 1972 no positive titres were detected (Table I ) (6) .
Tables X and XI show recent results for 1,631 goat sera, of which the majority (86.3%) were obtained from abattoir surveys. In the recent survey, a number of antigens, namely hardjo and pomona, were serologically detected for the first time in goats in Portugal. As with sheep, there is no information about the existence of clinical cases of leptospirosis in goats.
Following the culturing of kidneys from 123 goats collected in an abattoir survey by Azevedo and Palmeiro in 1963, only one isolate was obtained, which was not typed due to the loss of the culture by contamination, but which the authors deemed to be ballum, since the goat from which it was obtained had a positive titre to that antigen (4). This was the only isolate ever obtained from goats in Portugal to date. There have been only six bacteriological analyses of goats between 1987 and 1993, from which one was discarded due to contamination by other bacteria and five yielded negative results.
Leptospirosis in horses
In the 1966 serological survey of 939 horse sera (1), a low percentage (1.4%) of positive titres was obtained, involving serovars tarassovi (0.7%), ballum (0.5%) and pomona (0.2%). Previously, Azevedo and Palmeiro had performed serological and bacteriological examinations of 163 horse samples collected in an abattoir (4) . All cultures showed negative results, though positive titres to tarassovi and ballum serovars were observed in four animals (2.5%).
Between 1987 and 1993, only 83 sera from horses, all DS and mainly (80.7%) from region A, were available for leptospirosis testing at the LNIV. Of these, 43.4% showed positive results. The distribution of positive serological reactions to various leptospiral serovars is presented in Table XII .
It is interesting to observe the higher percentage of the Australis group, which may be maintained by horses (20) . Despite the fact that Pomona infection is widespread in Portugal and is considered important in horses (14) , no titres to this antigen were detected. Multiple titres were frequently found, which often happens in horse sera, thus making it difficult to determine the infecting serogroup(s) (13) . Portugal needs to be studied on a larger scale. 
Conclusion
Previous surveys by Azevedo and Palmeiro on the occurrence of leptospirosis in farm animals in Portugal reported a low prevalence of infection and a reduced pathogenicity of the infecting serovars (1, 4, 6) .
In contrast, the more recent information presented in this paper shows that Leptospira infection is widespread in farm animals in Portugal, and is particularly significant in cattle and pigs. The results suggest that the prevalence of Leptospira infection for these two animal species has increased considerably since the earlier studies by Azevedo and Palmeiro. This may be the result of a lack of control measures against leptospirosis, which favours the spreading of infection, in particular of host-adapted serovars hardjo and bratisiava.
These serovars of the Sejroe and Australis serogroups were the predominant serovars found in cattle and pigs, respectively, and it is probable that they started spreading in Portugal after the 1970s.
reported for the first time in those species, namely hardjo.
Leptospira infection in sheep and goats seems to be less important than in cattle and pigs. Leptospirosis in horses needs to be studied further.
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